FSAE engine dry-sump oiling system design by Carr, Ethan & Rogozinski, Michael
 
 
 
 
 
 
 
 
 
 
 
 
 
College of Engineering 
    
      
 
Drexel E-Repository and Archive (iDEA) 
http://idea.library.drexel.edu/   
 
 
Drexel University Libraries 
www.library.drexel.edu
 
 
 
 
 
 
 
 
 
 
 
The following item is made available as a courtesy to scholars by the author(s) and Drexel University Library and may 
contain materials and content, including computer code and tags, artwork, text, graphics, images, and illustrations 
(Material) which may be protected by copyright law. Unless otherwise noted, the Material is made available for non 
profit and educational purposes, such as research, teaching and private study. For these limited purposes, you may 
reproduce (print, download or make copies) the Material without prior permission. All copies must include any 
copyright notice originally included with the Material. You must seek permission from the authors or copyright 
owners for all uses that are not allowed by fair use and other provisions of the U.S. Copyright Law. The 
responsibility for making an independent legal assessment and securing any necessary permission rests with persons 
desiring to reproduce or use the Material. 
 
 
Please direct questions to archives@drexel.edu
 
FSAE Engine Dry-Sump Oiling System Design 
Submitted to: Dr. William Danley 
The Senior Design Project Committee 
Mechanical Engineering and Mechanics Department 
Drexel University 
Team MEM-06 
Team Members: 
Ethan Carr (ME) emc25@drexel.edu 
Michael Rogozinski (ME) mar29@drexel.edu 
November 24, 2003 
Abstract 
We have been requested by the Drexel FSAE team to build an alternative oil system for 
the 2004 race car engine. Engine mounting location in the chassis does not allow for the original 
oil system to remain because of space limitations. Therefore, we propose to design and build a 
“dry sump” oil system which will not only follow the space limitations of the chassis, but also 
give a power increase to the engine. Our approach to the problem is to determine the flow 
requirements of the engine, design/purchase components based on these requirements, 
manufacture/build the system, and finally validate its performance with testing. The anticipated 
outcome is to have an oil system which will operate flawlessly under the intense conditions of a 
racing environment, which includes acceleration, braking, and cornering. The system will also 
increase the power output of the stock engine. 
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I. Introduction 
A. Problem Background 
The 2004 race car will use a Honda CBR 600 cc, in-line four cylinder, four stroke 
motorcycle engine. In the stock oiling system, also known as a wet sump, oil is dispersed 
throughout the engine using an internally mounted oil pump. The reservoir supply of oil is 
contained in the oil pan mounted to the bottom of the engine. The pump suction inlet is 
submerged in the oil reservoir allowing for a constant supply of oil to the critical wear 
components such as journal bearings, pistons, and valve guides. Oil is gravity drained from these 
components back down into the oil pan and the process continues in this cycle. See Figure 1 for 
a schematic drawing. 
B. Problem Statement 
The main drawback to the wet sump system is that there is a sizeable amount of power 
required to turn the crankshaft through the crankcase atmosphere. This atmosphere is an oil and 
gas mixture. The gas is commonly referred to as “blow-by” and comes from combustion gases 
which leak past the piston rings during normal operation. The oil comes from crankshaft and 
connecting rod bearings, where it leaks out and is thrown off the components at great velocities. 
Oil is also draining down from the valvetrain components at the top of the motor to return to the 
pan. Oil coming from these different parts collides with the counterweights of the crankshaft 
causing resistance to rotation. This is amplified when oil bounces off the crank into the pool of 
oil in the pan directly below the crank, then splashes back up and hits the spinning crankshaft. 
All of these turbulent oil droplets create the heavy atmosphere of oil which the crank has to turn 
through, thereby causing frictional horsepower losses throughout the rpm range. A common 
name for this is “windage” (see Reference 1 & 2). 
A secondary problem is that the stock oil pan is designed for use in a motorcycle, not for 
a race car. This creates the possibility of oil starvation during high lateral acceleration (as in 
cornering) when the oil “climbs” up the side of the engine block, uncovering the pump suction. 
This is not an issue in the motorcycle because it leans into turns, causing the oil to be forced to 
the bottom of the pan by centripetal acceleration. 
Thirdly, the stock oil pan vertical height is great, thereby forcing the engine to be 
mounted higher in the chassis. Since the engine is a major mass component of the car, the 
engine height has a great effect on the center of gravity of the car. With a higher center of 
gravity, the handling abilities of the car are hindered. 
C. System Constraints 
There are several constraints that must be incorporated in our design to ensure proper 
operation on the racecar. 
The chassis has been designed and built with the engine mounted at a 15° forward tilt 
angle. The front bottom corner of the crankcase is the lowest point on the engine; the remaining 
space between that point and the ground surface is allowed for suspension travel. Therefore, the 
new pan can not protrude below this plane in order to provide proper ground clearance when 
driving. Also, since this clearance is small and the new oil pan will be very close to the ground 
(within a couple inches), it should be rigid enough to resist leaks if damaged from moderate 
contact with unpredictable bumps or obstructions on the racing surface. For example, the pan 
should not be so fragile as to develop a leak if scraped by a bump during the racing. 
The engine must be provided with the proper oil flow and pressure to ensure bearings and 
wear surfaces will not be damaged. This means supplying an uninterrupted flow of oil under all 
normal racing conditions, such as braking, cornering, and accelerating (no oil starvation should 
occur). 
Weight is another consideration and the system should be as light as possible so that the 
dynamics of the race car are least affected. 
The system should be made easy to implement on the engine. An experienced mechanic 
should be able to remove the stock oil system with simple hand tools and “bolt-on” our new 
system with no modification/fabrication required. This will simplify installation/removal and 
promote integration onto future Drexel race cars. 
The engine will experience high loads during racing which causes a corresponding 
increase in oil temperature. Therefore, the system should incorporate a cooling device. This will 
ensure the oil is not overheated beyond its breakdown point which could cause engine damage. 
Cost is another important consideration. However, the quality of the parts should have 
priority before cost. The cost will be balanced with several factors, including reliability, 
performance, and weight. 
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II. Statement of Work 
A. Method of Solution 
Our solution to the problems is to build a “dry sump” system. This type of system is 
found on many different types of race cars and most parts are commercially available to 
incorporate such as sytem. However, we will be tailoring the system to meet the specific needs 
of the 2004 Drexel race car. 
A dry sump oiling system removes the oil reservoir from the bottom of the engine and 
places it in an external tank in a remote location. The stock oil pan is replaced with a much 
shallower pan. Therefore, it must include two pumping systems: one for suction and one for 
supply. The purpose of the suction pump (also called scavenge pump) is to evacuate the oil from 
the pan draining from the engine components above to keep the pan as dry as possible, with only 
a thin film of oil on it during operation. Thus, the system has to ingest oil and air and return this 
mixture to the reservoir through external lines. The supply pump (pressure pump) then takes oil 
from the reservoir, pressurizes it, and supplies it to the engine. The scavenge pump has to pump 
a larger volume in comparison to the pressure pump to keep the pan as dry as possible. See 
Figure 2 for a schematic drawing. 
Using this system solves our problems associated with the stock oil system. First, the 
absence of the oil reservoir below the rotating engine components allows for a gain in power 
output because windage is reduced. Second, we can place the scavenge points in the pan in 
optimal locations to ensure that there will be a constant suction of oil. The reservoir also helps 
reduce the possibility of starvation because it is a reserve tank for the pressure pump inlet. 
Lastly, replacing the stock oil pan with the shallower dry sump pan will allow the engine to be 
lowered in the chassis roughly two inches for an improved center of gravity, thus benefiting the 
handling characteristics of the car (see Reference 1 & 2). 
Parts to be purchased are the scavenge pump, oil reservoir, vacuum relief valve, oil filter, 
oil cooler, and all necessary fluid transfer lines and fittings. Parts that will be manufactured 
include the oil pan, oil pressure relief valve, and an adapter to properly fit the pump to our 
engine. 
The initial step in our design process is to determine the value for the oil flow rate in the 
stock engine. This is done by removing the oil pump and exposing the pump rotors. Each rotor 
cavity is measured volumetrically and this value is multiplied by the number of cavities 
displaced per revolution to obtain the total pump displacement per revolution. This was 
determined to be 8 L/min per 1000 pump rpm. Since the oil pump is not driven directly from 
crankshaft and is geared down, the gear ratio needs to be determined so we know the flow in 
relation to engine rpm. This is computed to be running at 52.8% of engine rpm (see Reference 
3). Therefore, the actual pump flow is about 4.22 L/min per 1000 engine rpm. See Appendix C 
for all calculations. The actual flow rate at higher rpm’s is reduced because the oil pressure 
relief valve will regulate the flow by opening and returning oil to pan when it reaches the set 
pressure limit. 
The stock oil pump will continue to be the pressure pump. 
The pan will be designed and manufactured. This is because we need one that will 
specifically meet the constraints of our race car. The pan will be machined from a solid piece of 
aluminum. The pan can not extend below the horizontal plane located at the front corner of the 
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engine (see Figure 2). The pan also has to continue sucking oil under all side-to-side (cornering) 
and front-to-back (braking and accelerating) forces. Two scavenge ports will be placed at the 
front; one in the left corner and one in the right. This will take advantage of the forward tilt 
angle by allowing the oil to naturally flow toward the ports. This also takes advantage of 
cornering and braking. 
The reservoir tank will have a capacity of 3 quarts. This was chosen on the basis to 
ensure that the engine will have a constant supply of oil throughout the acceleration test duration 
of 6 seconds. See Appendix D for calculations. 
The next step is to choose the optimal size scavenge pump, which will be purchased. We 
will choose our pump size based on the ability to keep up with the pressure pump. Because there 
will be two scavenge points on the pan, we will need a separate pump stage for each. Therefore, 
each stage needs to supply the same flow rate as the pressure pump under left and right 
cornering. Since the pressure pump flows 8 L/min, the scavenge pump should flow at least 8 
L/min per stage. This means that the scavenge pump will be approximately twice the size of the 
pressure pump. So under operating conditions it will be sucking oil and air because it is 
overcoming the oil flow rate. This is normal in dry sump systems and the pumps are built to do 
this. To take advantage of this vacuum, the engine will be sealed from the atmosphere and will 
incorporate a vacuum relief valve for regulation. The housing of the purchased pump will have 
to be modified in order to mount it to the engine and have its shaft line up with the oil pump 
shaft. We are purchasing our pump from a company called Pace Products. They offer a 
compact, 2 stage pump which will fit within the dimensions of our engine. It is offered in two 
sizes; a 6 L/min per stage and a 10 L/min per stage. We have chosen the 10 L/min pump 
because we are confident it will keep up with the oil supply under the dynamic racing conditions. 
Flexible high pressure fluid lines will be used to transfer the fluids to different parts of 
our system. The end fittings are aluminum which helps conserve weight. Having selected the 
type of line, we next need to calculate proper line size. Suggested velocities for the scavenge 
lines are 2-4 ft/sec and that for the pressure lines is 7-15 ft/sec (see Reference 4 and 5). Knowing 
the flow rate of the pressure pump, which is 1.16 gal/min per 1000 engine rpm, the line size can 
be calculated from these two. The same can be calculated for the scavenge pump. The line 
chosen is .5 inch inside diameter. This corresponds to a braided, high pressure, AN (army-navy) 
line designation of -10. 
The system will need an oil pressure relief valve located after the pressure pump to insure 
proper oil pressure to the engine. Even though the stock pump is being kept for pressurization, 
the pressure relief valve cannot be used because it will no longer fit on the engine with the 
shallower pan. However, we will relocate the valve outside the engine in a custom housing (see 
figure 2). Because the distance between the pump and the valve will be lengthened, the lines 
connecting to the valve will be of a large enough diameter so as to decrease the pressure drop 
which could affect the valve calibration. 
As stated earlier, a vacuum relief valve will be plumbed to the crankcase to regulate the 
vacuum level that the scavenge pump will pull on the crankcase. This is another area where the 
engine will gain power. The vacuum helps to further reduce the windage in the crankcase by 
reducing the oil-gas mixture density and turbulence, and also improves piston ring seal for 
improved combustion. A good value to be running is about 8 in. Hg which is what the valve will 
be set at (see Reference 6). 
Remaining parts are the oil filter and oil cooler which will be purchased. The stock 
engine uses a combined filter and water cooler housing which mounts on the front wall of the 
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crankcase, in back of the exhaust header. However, the header being used on the race car is a 
custom one and does not clear the stock cooler and filter. Therefore, the filter and cooler will 
need to be mounted remotely and connected to the engine with an adapter plate on the crankcase 
mount. The oil filter will be able to support the flow requirements and also be lightweight. The 
cooler will be an oil-to-air one and be lightweight as well. 
Design of the pan and oil relief valve will start after the proposal submission. Purchase 
of parts will begin at the start of the winter term after budget approval by the FSAE board. 
Modification to the pump and manufacture of pan and oil relief will also begin at this time. 
After the system is built and installed on the engine, testing will take place. This will include 
chassis simulation to simulate cornering and braking and accelerating forces. The system will 
also be installed on the dynamometer to quantify power output gain. If the system works under 
testing criteria and gains measurable power, it will be installed on the 2004 Drexel race car. 
B. Alternative Solutions 
The mounting points of the engine in the chassis do not allow enough ground clearance 
for a conventional oil pan. The pan would hit the ground if it is installed onto the underside of 
the crankcase. Why not just put a flat plate on the engine and fill the engine with required 
amount of oil and run it? The engine crankshaft and transmission parts would basically be sitting 
in a pool of oil because the oil level would be raised by the depth of the original oil pan. During 
operation, there would be severe oil control problems and possible parts damage. The crankshaft 
will churn up the oil and over saturate the piston rings which will cause excess oil consumption. 
This leads to oil deposits on valves and pistons which will also hinder performance. Furthermore, 
the crank and transmission shafts will have greater resistance because they will have to turn 
through the pool of oil. This resistance will contribute to a great power loss. 
Although we decided to use the stock oil pump as our pressure pump, we could have used 
a 3-stage combination pressure/scavenge pump. The reason we decided to use the stock pump for 
pressurization is because we know the pump is adequate for the engine in terms of oil pressure 
and volume flowrate. Also, removing the pump would require disassembly of the engine, and 
modification to incorporate a new drive mechanism for the pump. We want to eliminate any 
modification or major disassembly to the engine. 
The stock oil pressure relief valve was chosen over a commercially available one. It is 
best to keep the stock relief valve because it is built to work in concert with the stock oil pump 
and provide proper oiling to the engine. 
We are using a vacuum relief valve to regulate vacuum in the crankcase. This can be 
eliminated by venting the crankcase to the atmosphere. However, implementing the valve will 
allow the power increases discussed earlier. 
In selecting an oil cooler, we decide to use an air-to-oil cooler. These are commercially 
available and are much less complicated than water-to-oil coolers. A water-to-air cooler would 
require integration with the coolant system. Furthermore, if the coolant overheats, the oil would 
also overheat because it is being cooled by the coolant. With an air-to-oil cooler, the system is 
independent of any other system other than the dry-sump system. 
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III. Economic Analysis 
The following chart represents our part costs for all purchases: 
Parts Costs 
Description 
Compact C Series 2-stage 
10L/stage scavenge pump 
vacuum relief valve 
oil filter 
oil reservoir 
16' Pro-Lite 350 Hose AN-10 
3' Pro-Lite 350 Hose AN-12 
6 straight -10 AN fittings 
4 45° -10 AN fittings 
6 90° -10 AN fittings 
2 straight -12 AN fittings 
5 male port adapter fittings -10 
AN 
Competition Oil Cooler 
Remote Oil Thermostat 
Raw stock aluminum 
10"x10"x2" 
Company 
Pace Products 
Peterson Fluid 
Systems 
Peterson Fluid 
Systems 
Fast Times Fabrication 
Earl's 
Earl's 
Earl's 
Earl's 
Earl's 
Earl's 
Earl's 
Perma-Cool 
Perma-Cool 
local metal supply yard 
Part Number 
custom 
PRM-201 
PRM-1070 
Price 
$383 
$137 
$300 
$142 
$32 
$66 
$96 
$154 
$30 
$70 
$100 
$40 
$100 
$1,554 
All funds will come from the Drexel FSAE team. Manufacturing costs will zero because 
all machining will be done by us with the assistance of the Drexel Machine Shop and additional 
required materials have been donated from Princeton University. 
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IV. Societal and Environmental Impact Analysis 
The social impacts of our dry-sump system are rather limited. Our system is crucial to the 
successful operation of the race car. Without an oiling system the race car does not run. 
Therefore our entire race team would be impacted if our system were to fail during competition. 
Because we are dealing with a system which contains fluids harmful to the atmosphere, 
environmental concerns are an issue. Our dry sump system draws a vacuum on the crankcase. 
Therefore, the oil/gas crankcase mixture is being emitted into the atmosphere. However, because 
the car is only used during races, this pollutant emission is not a major concern. 
Our system is designed using parts that are especially designed for racing purpose. 
Therefore none of the components are being used improperly or in an unsafe manner. Certainly a 
part could fail at any moment, but it would most likely be from a manufacturer’s defect rather 
than the system components being used in an improper fashion. 
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Appendix A 
TASK TREE 
Order parts 
Oil 
pump 
Decide 
pump 
size 
Calc 
pressure 
pump 
pressure 
Pump 
research 
OBJECTIVE TREE 
Crankshaft 
spins freely 
Appendix C 
gerotor type pump- rotor cavities displace 2cc volume each 
4 displacements per revolution 
therefore: 8cc displacement ( 1000 revolution ) = 8 L/min per 1000 pump rpm 
pump revolution min 
oil pump spins slower than crankshaft: speed is reduced through the clutch gear, clutch 
shaft sprocket, and oil pump sprocket: the clutch gear and clutch shaft sprocket are on the same 
shafts 
Ncr = # teeth of crank gear = 45 
Ncl = # teeth of clutch gear = 82 
Ncs = # teeth of clutch shaft sprocket = 25 
Nop = # teeth of oil pump sprocket = 26 
wop/wcr = ( Ncr/ Ncl )( Ncs/ Nop ) = (45/82)(25/26) = .52767 ~.528 
oil pump pins 52.8% of crankshaft speed 
pump volume flow rate in relation to engine (crankshaft) speed: 
(8 L/min)(.528) = 4.22 L/min per 1000 engine rpm 
Appendix D 
Acceleration test event: 6 seconds long @ average engine rpm of 7,000 
(4.22 L/min-1000 rpm)(7000 rpm)(1 min/60 sec)(6 sec) = 2.95 L = 3.1 quart 
reservoir should have a 3 quart capacity 
